ABSTRACT The mortality experienced by a cohort of 2689 nickel/chromium platers between 1946 and 1983 has been investigated. All members of the study cohort had some period of chrome exposed employment. Overall, compared with the general population of England and Wales, statistically significant differences relating to cancer were found for cancer of the stomach (E = 16-2, O = 25), primary cancer of the liver (E = 0O8, 0 = 4), cancer of the nose and nasal cavities (E = 0-3, O = 3), cancers of the lung and bronchus (E = 48 1, 0 = 72), and all cancers (E = 164-2, 0 = 213). Chrome bath workers are the more heavily exposed workers, and a striking difference in SMRs was found for lung cancer among men first employed as chrome bath workers (SMR = 199) and men first employed as other chrome workers (SMR = 101). The method of regression models in life tables (RMLT) was used to compare the durations of chrome exposed employment of those dying from causes of interest with those of all matching survivors in the same year of follow up, while controlling for sex, and for year and age of starting employment. Significant positive associations were found only for cancers of the lung and bronchus and duration of chrome bath work. In this study exposure to nickel was shown not to be an important confounding exposure.
In 1979 a working group of the International Agency for Research on Cancer evaluated the carcinogenic risk of chromium and chromium compounds to man, and concluded, "there is sufficient evidence of respiratory carcinogenicity in men occupationally exposed during chromate production."2-4 Three epidemiological studies of chromium plating industries were evaluated but it was concluded that, "data on lung cancer risk in other chromium associated occupations ... are insufficient."
In 1983 Franchini et al published some initial findings of mortality experience among a cohort of Italian chrome platers.5 For cancer of the lung they observed three deaths compared with an expectation of 09. The present study analyses the mortality experience of a group of chrome platers. The principal hypothesis to be tested was as follows: is there an association between estimated occupational exposures experienced by this group of chrome platers and an increased risk of mortality from cancers of the respiratory system? Exposure to chromium was in the form of chromic acid mist (chromium oxide, CrO3, soluble in water, hexavalent chromium).
Accepted 16 June 1986 Study material FACTORY: PROCESS AND CONDITIONS Chrome plating carried out at the factory was of the decorative type, with a thin layer of chromium (0 25-0 80 microns) applied to an underlying layer of nickel (10-40 microns) . This process gave a bright, attractive finish to bumpers, over-riders, door handles, and window winders for motor cars.
Chrome plating, a process of electro-deposition, uses a solution of chromic acid, with a trace of sulphuric acid as a catalyst. The article to be plated serves as a cathode, and when a DC electric current is passed through the electrolyte, chromium ions migrate to the cathode and are deposited on the article. In addition water is dissociated into hydrogen and oxygen, these gases are released drawing some of the electrolyte with them, and a chromic acid mist is produced.
In the late 1940s and early 1950s the manual baths in use in the factory were replaced by a semiautomatic process, whereby operators moved jigs containing the components to be plated down a line of tracks containing various plating solutions. All the tanks containing plating solutions (except the hot and cold water swills) had local exhaust ventilation and, in A mortality study of nickel/chromium platers addition, the chromic acid baths had surface suppressants.
Some 60 occupational hygiene measurements were carried out before 1973, and although a few high values were recorded (8-0, 1-6, 0 4 mg/mi3 chromic acid), the median value was "not detectable or trace." Levels of exposure, however, were such that some workers developed chrome ulcers (nasal and other) and asthma. In 1973 it became mandatory for levels of chromic acid over each bath to be measured fortnightly, the TLV for chromic acid and chromates as CrO3 was then 0-1 mg/m3. The vast majority of the measurements were entered in factory records as "less than 0 05 mg/m3." The TLV was reduced in 1977 to 0-05 mg/m3. Conditions in the plant were already improving in the early 1970s and chrome ulcers and asthma were no longer reported.
The scale of the operation was such that in the late 1960s and early 1970s some 80 000 chromium plated bumpers and 40 000 chromium plated overriders were manufactured each week.
STUDY POPULATION
Preliminary results ofcancer mortality experienced by a cohort of chrome platers were reported by Waterhouse in 1975.2 This study cohort was not, in fact, an entry cohort, rather it was one of "leavers," and the cohort definition did not include a minimum period of employment. The present analysis has been carried out on a redefined study cohort. Some workers included in the initial study are consequently excluded, and information for some workers not included in the initial study has recently been abstracted from the original personnel records.
The new study population comprised 3085 chrome workers who started chrome employment in a large The mortality experience of this cohort was compared with that which might have been expected to occur if rates of mortality for the general population of England and Wales had been operating on the study cohort, having due regard for the composition of the study cohort by age and sex and calendar year. Expected numbers of deaths were calculated using the Manyears computer program developed by Peto. Employees were censored on reaching their 85th birthday and no contributions are made to expected or observed numbers past this age.
The differences found between the observed mortality of an industrial cohort and its expected experience based on the rates of mortality for the general population, however, are clearly dependent on factors other than specific occupational exposures. Such factors will include selection effects within the workforce and the social class and regional composition of the study cohort. The method of regression models in life tables (RMLT) was therefore used to test the null hypothesis of .no effect on mortality from occupational exposures associated with chrome plating (chrome exposure, for short). The method of RMLT was developed by Cox,8 who has given examples of its use in the analysis of clinical trials; the method has been used by Kneale et al in a cohort mortality study of radiation workers9 and by Sorahan and Waterhouse in a cohort mortality study of nickel Sorahan, Burges, Waterhouse cadmium battery workers.'0 It is Kneale's use of the method that is described here.
The method was used to compare the estimated chrome exposures of those who died in a given year of follow up with those of matching survivors in the same year of follow up, while controlling for sex, year of starting chrome employment (1946-, 1951-, 1956-, 1961-, 1966-, > 1971) , and age at starting chrome employment (15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, > 55). Periods of follow up for each individual are measured from the date of starting chrome employment with the company.
The data were first divided into a large number of subgroups (n = 108) by levels of the "controlling variables" mentioned above. For each subgroup, a life table was constructed giving, for each year of follow up, the total number entering the year and the number dying from causes of interest. Detailed job histories were then abstracted from the original personnel records for those dying from causes of interest and for all matching survivors. Thus, for the subgroup shown in table 3, detailed job histories were abstracted for the 64 employees who had survived to the beginning of the 21st year of follow up. By definition, all deaths occurring in later years of follow up, together with their matching survivors (controls), are included in this group of 64 employees. Note that those dying from causes of interest (cases) may also be matching survivors (controls) in earlier years of follow up.
Exposure to chrome was estimated in two ways:
cumulative duration of employment in any chrome plating job (jobs 1-8, 
auditory meatus" (ICD 8: 173-2). (The third worker Of the four workers whose deaths had been who died 17 years after first employment had also had ascribed to primary cancer of the liver, one (who died only one year of chrome bath work.) 18 years after first employment with 13 years "nickel In table 6 we show the observed and expected numonly" work and two years chrome bath work) had not bers of deaths by sex and type of first chrome employbeen registered as a patient with cancer at the ment (chrome bath or other chrome work). The most Regional Cancer Registry and the postmortem report striking differences in the SMRs are shown for lung noted only that there were "deposits suggestive of cancer among men (chrome bath, SMR = 199; other hepatoma" in the liver, and a second had been regis-chrome work, SMR = 101) and for lung cancer tered with an unknown primary with no necropsy among men and women (chrome bath, SMR = 185; being carried out.
other chrome work, SMR = 100). The overall SMRs Of the three workers whose deaths had been for all causes are similar among these two groups of ascribed to cancer of the nose, nasal cavities, and mid-workers (chrome bath, SMR = 117; other chrome dle ear, one (who died 18 years after first employment work, SMR = 113). with 13 years "nickel only" work and two years Table 7 shows the observed and expected numbers chrome bath work) had been otherwise registered at of deaths from cancer of the lung and bronchus by the Birmingham Regional Cancer Registry with a type of first chrome employment (chrome bath or "poorly differentiated adenocarcinoma, mixed sali-other chrome work) and by years from first chrome vary tumour of the palate" (ICD 8: 145-1), and employment. Smooth trends in SMRs are not seen. another (who died 11 years after first employment The two highest SMRs are shown for chrome bath with one year of chrome bath work) had been regis-workers 10-19 years from first chrome employment. tNo censoring-that is, includes deaths over age 85.
IDetailed occupational histories sought for total of 1079 cases and matching controls, 900 were found. §Of 900 cases and controls with detailed job histories, 13 were subsequently found to have started chrome employment in 1945 rather than in the period 1946 onwards. liOf 900 cases and controls with detailed job histories, 52 were subsequently found not to have had any period of chrome employment. 1, Mean deviation in exposure between those dying from cancer of the lung and bronchus, and matching survivors, in units of years of exposed employment. group.bmj.com on April 3, 2017 -Published by http://oem.bmj.com/ Downloaded from A mortality study of nickel/chromium platers Discussion The present study cohort was followed up from the date of starting chrome employment rather than the date of starting employment at the factory. For most individuals these two dates will be the same, for others they will not. This may account, at least in part, for the lack of evidence of a "healthy worker effect" in the data. Furthermore, because the work was dirty, unpopular, and physically undemanding, the magnitude of selection effects at time of entry into the industry may have been much smaller than that for many other industries.
In the general population there is a steep positive social class gradient for mortality from all cancers, cancer of the stomach, and cancers of the respiratory system. It is not surprising, therefore that, compared with the general population, this study cohort has an overall significant excess mortality from all cancers and cancers of the respiratory system. The key question to be answered is this: given that the mortality experience of the study cohort differs from that of the general population in several ways, is there any evidence that occupational factors are implicated in the observed pattern of mortality?
The difference in the SMRs for cancer of the lung and bronchus between male chrome bath workers (the more heavily exposed workers) and other male chrome workers is striking and is in itself suggestive of an occupational effect, even though for this particular analysis only one job code (first chrome job) was available. (An analysis of the detailed job histories used in the RMLT analysis indicated that only some 11% of workers had periods of both chrome bath and other chrome work.) Further, the results of the RMLT analysis, which are independent of those for the SMR analysis, showed an association between risk of mortality from cancer of the lung and bronchus and the duration of chrome bath employment.
In the RMLT analyses it was not possible to control for any "survivor population effect" in the data12 which would tend to produce negative test statistics. Also some workers who were acutely sensitive to chrome exposure would have been moved to other jobs. If such workers were also the more sensitive to any potential cancer risks their removal to other jobs would also tend to produce negative test statistics. These considerations, then, can only increase the importance to be attached to the positive statistics found for cancer of the lung and bronchus. Data on smoking habits were not available but there is no reason to believe that smoking habits would correlate with duration of chrome employment.
Although there was a significantly increased SMR for cancer of the nose and nasal cavities and all three deaths occurred among chrome bath workers, the 257 RMLT analysis found no evidence for an association between risk of mortality from cancer of the nose, nasal cavities, and larynx and either of the estimates of chrome exposure. (Two of the workers dying from cancer of the nose and nasal cavities had been employed for only one year as chrome bath workers. The other was employed for two years as a chrome bath worker.)
While there is no reason for believing that the degree of certainty concerning certified cause of death will be any less for the study cohort than for the general population, the four certified deaths from liver cancer are not all completely convincing. Further, although four is a small number of deaths for an RMLT analysis, no evidence for an association between risk of mortality and duration of chrome employment was found.
The RMLT analysis also failed to find any evidence of an association between the risk of mortality from cancer of the stomach and duration of chrome employment, and it seems likely that the raised mortality from cancer of the stomach among male chrome platers is due, at least in part, to social class differences.
Although many of those employed only as chrome bath platers would have some "vicinity" exposure to nickel, there is a negative finding for "duration of nickel bath employment" and cancer of the lung and bronchus. Probably some members of this study cohort suffered an increased risk of mortality from cancers of the lung and bronchus as a result of occupational exposures associated with nickel chromium plating, and the evidence from this study points to chromium rather than nickel plating.
